Background: Cigarette smoking is an important modifiable cardiovascular risk factor, which is known to acutely increase arterial stiffness. But the chronic effects of smoking on arterial stiffness are still controvertial. We studied the effects of chronic cigarette smoking on arterial stiffness in Korean subjects. Methods: Our subjects included those >18 years of age (n=2685, 991 females) who had undergone a pulse wave velocity from July 2004 to June 2008. They were classified into two groups, smokers (n=641) and non-smokers (n=2044). In addition to the pulse wave velocity (PWV), we reviewed the highly sensitive C-reactive protein levels in a random manner when it was available. Results: Males were predominant in the smokers group. Smokers had significantly higher heart-femoral PWVs than nonsmokers (1083.6±264.1 cm/sec vs. 1041.3±257.3 cm/sec; p<0.001). There was no linear relationship between smoking duration and PWV (r= -0.225, p=0.506) even after adjusting for age, sex, and body mass index. Furthermore, there was no difference in the ankle-brachial index between the two groups. On the multivariate regression analysis, age, male gender, hypertension, and diabetes were independent predictors of increased arterial stiffness. Conclusion: In this study, chronic cigarette smoking increased central arterial stiffness in Korean subjects.
INTRODUCTION
Smoking is the most important modifiable risk factor for coronary artery disease 1, 2) . Despite extensive research, the pathophysiological mechanisms of smoking-related vascular damage have not been fully explored. Changes in hemostatic factors 3, 4) , endothelial function 5) , and blood lipids 6) have been proposed as mechanisms of vascular damage. Smoking increases arterial wall thickness and stiffness and decreases arterial reactivity, suggesting that active smoking accelerates atherosclerosis in humans. Cross-sectional and longitudinal data show that smoking increases arterial wall thickness and the rate of progression of arterial wall thickness 7) . Arterial stiffness is known to be an important cardiovascular risk factor and an independent predictor of all-cause and cardiovascular deaths. Acute cigarette smoking has been shown to increase the pulse wave velocity (PWV), suggesting there is increased arterial stiffness. However, the effects of chronic cigarette smoking on arterial stiffness are uncertain. Arterial stiffness is easily assessed by measuring the PWV using the recently developed automatic device 8) . The aim of this study was to investigate whether chronic cigarette smoking affects arterial stiffness. 
MATERIALS AND METHODS

Subjects
Definition
In this study, a 'smoker' was defined as someone with a history of smoking for at least more than one year in their lifetime. The PWV was defined as the distance between two distinct points divided by the pulse wave transit time (cm/sec). The ankle brachial index (ABI) was defined as the ratio of the systolic blood pressure at the ankle to the systolic blood pressure at the brachial artery measured simultaneously.
Measurement of the PWV and ABI
PWVs and ABIs were measured using an automatic device, VP-2000 (Colin Co., Komaki, Japan). The cuffs were placed around the arms and ankles before the patient was connected to both the plethysmographic and oscillometric sensors. Both the brachial and ankle blood pressure were measured simultaneously, and the ABI was calculated. The femoral arterial wave was measured using a tonometric sensor placed at the left femoral artery. We calculated the PWV from each brachial artery to the ipsilateral ankle (right and left baPWV) and the PWV from the left femoral artery to the heart (hfPWV). We defined that the hfPWV and baPWV represented central arterial PWV and peripheral arterial PWV, respectively. Brachial and ankle blood pressures, heart rate, ABI, and PWV were measured during normal sinus rhy-thm in the supine position.
Statistical Analysis
Statistical analysis was performed using the SPSS ver. 12.0. (SPSS Inc., Chicago, IL, USA). The change in PWV according to the smoking duration was analyzed by repeated-measure of ANOVA. Differences between smokers and non-smokers were analyzed using the independent t-test and chi-square.
Binary logistic multiple regression was used for independent variables for increased hfPWV. A p<0.05 was considered statistically significant.
RESULTS
Baseline Characteristics
The demographics of our subjects are summarized in Table  1 . There were no differences in age and BMI between the smokers (males, n=636, 23.7%) and non-smokers. Prevalence of diabetes, hypertension, and dyslipidemia was not significantly different between the two groups. The systolic and diastolic arterial blood pressures were not significantly different between the two groups.
Arterial Stiffness Index
The hfPWV was significantly higher in the smoker group than the non-smoker group (1083.6±264.1 cm/sec vs. 1041.3± 257.3 cm/sec). The ABI and baPWV were not significantly different between the two groups ( Table 2) .
There was no difference in hfPWV between the two groups when patients had diabetes or hypertension. However, hfPWV was significantly higher in the smokers when diabetes 
Independent Predictors for Hfpwv
On the multivariate regression analysis, male gender, age, hypertension, and diabetes were independent predictors for hfPWV (Table 5) .
DISCUSSION
In this study, we observed an association between the hfPWV and chronic cigarette smoking. Furthermore, hypertension and diabetes were risk factors for arterial stiffness by increasing the hfPWV.
Smoking is the most important modifiable risk factor for coronary artery disease. Several mechanisms are proposed for the acute increases in blood pressure and arterial stiffness that are seen immediately after smoking. Cigarette smoking acutely exerts a hypertensive effect, mainly through the stim-ulation of the sympathetic nervous system. The effect of smoking on arterial elastic properties has been studied extensively. Smoking leads to acute stiffening of the elastic and muscular type arteries and enhancement of wave reflections by nicotine's stimulation of the sympathetic nerve [9] [10] [11] [12] . Impaired nitric oxide production and endothelial dysfunction are also known to play major roles in altering the mechanical properties of large arteries 13) . But the chronic effects of smoking on the arterial wall dynamics have been controversial 8, [14] [15] [16] . Our study shows that cigarette smoking affects regional arterial stiffness by increasing the central arterial PWV. There was no difference in the baPWV, defined as peripheral PWV, between smokers and non-smokers, but the hfPWV, i.e., central PWV, was significantly higher in the smokers than in the non-smokers. Different arteries have different proportions of arterial wall structural components. The wall of the aortic artery has good compliance because it is rich in elastin. However, peripheral arteries are less elastic (increased PWV) because their walls contain more collagen and smooth muscle cells. The PWV has a better relationship with the aortic artery than with peripheral arteries because it is inversely correlated with distensibility and relative compliance 17) . The ABI is a simple ratio of the systolic blood pressures of the ankle and the arm. An ABI less than 0.9 is known to be associated with increased cardiovascular diseases. The ABI showed no significant difference between smokers and non-smokers in our study, which coincides with the results of a previous report on the effects of smoking in adolescents 18) . On the other hand, there was a study showing that smoking was independently related to a low ABI in a group of adults with coronary artery disease 19) . No relationship was observed between smoking duration and arterial stiffness in this study after adjusting for age, gender, BMI, diabetes, and hypertension (r= -0.225, p=0.506). This was in accordance with a previous study 9) . It appears that even small amounts of smoking can produce deleterious effects.
Increased arterial stiffness is associated with several cardiovascular risk factors including age, hypertension, diabetes mellitus, gender, hyperlipidemia, and obesity. We wondered if these risk factors were closely related to arterial stiffness. Thus, we compared smokers to nonsmokers with no underlying diseases such as diabetes and hypertension. The hfPWV was higher in smokers than non-smokers. However, there was no difference in the hfPWV between the two groups when the subjects had diabetes or hypertension. A past study reported that not only smoking but diabetes and hypertension also affect arterial stiffness. Tedesco et al reported a cross-sectional study examining the effects of diabetes and hypertension on arterial stiffness. Using aortic PWV measurements, the authors found significantly higher PWVs in hypertensive-diabetics than in healthy controls 20) . The reasons for this are as follows. The endothelium may affect the elastic properties of the artery by directly affecting vascular tone. The balance between vasoconstrictors such as angiotensin II and endothelin and vasodilators determines the vascular tone of the artery, and nitric oxide (NO) is the key endothelium-derived vasodilator. Certainly, reduced NO bioavailability is closely linked to structural and functional endothelial abnormalities, and endothelial perturbations are well described in diabetes and hypertension. The increased PWV in hypertensive-diabetics are likely to reflect both structural and functional abnormalities of the arterial wall 21) . Age, hypertension, diabetes, and renal disease are already known to increase arterial stiffness.
In this study, we observed a strong association between the hfPWV and risk factors including hypertension, diabetes, age, and male gender. There have been several reports on the relationship between PWV and various biochemical markers. Kullo et al. 22) found a significant correlation between C-reactive protein (CRP) and arterial stiffness but our study showed no significant association between highly sensitive-CRP (hs-CRP) and PWV. However, hs-CRP was measured in only 49 subjects, a number insufficient to adequately evaluate this association. There are several limitations in this study. Being a retrospective study, we could not control the baseline gender ratio in the two comparison groups. Though our study population was large, the number of female smokers was relatively small. Secondly, we did not specify current smokers from past smokers. Some reports showed that passive smoking affects arterial stiffness but we did not consider passive smoking in our study. Thirdly, because the smoking history was self-reported, accuracy of information such as smoking duration is questionable.
In conclusion, we found a significant difference in the hfPWVs between smokers and non-smokers. We observed
